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WELLBORE CASING 
Cross Reference To Belated Applications 
This application claims the benefit of the filing date of UJ3. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to weDbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings aie 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into th© formation or inflow 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval b lowered through a p 
installed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diame ters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the casingB from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased «m±a tn heavy «»«ng hoi»rfn™ g equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings Moreover, 
increased drilling rig time is in vo l ved due to required **wi»nt pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the 1j™>T in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 

5 borehole adjacent to the already existing casing. Atubnlarlhierandamandrelare 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable Quiche sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole. 
The annular region between the tubular ling and the new section of the borehole 

10 is then fluklicly isolated bum an interior region of the tubular liner below the 
mandreL A non hardenable fhiidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
ma terial is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fhiidic Bealing material are cured. At least a portion of 

20 cured Iluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expan din g a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 

26 fluid passage. Th« faihulmr member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 

30 expandable mandrel, a tubi^ 

The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passagea The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tabular memb er 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member Is pressurized and the second tubular meimber is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that in clu des an annular member having one or more sealing members 
15 at an end portion ofthe annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a weUbore casing is 
provided that i nclude s a tubular liner and an annular body of a cured fhiidic 
sealing material Hie tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the preaent invention, a tie-back liner for 
lining an existing weDbore casing is provided that include 
annular body of cured fhiidic sealing material The tubular liner is formed by the 
process of e xtrud i ng the tubular liner off of a mandreL The annular body of a 
25 aired fhiidte sealing 

According to another aspect of the preaent invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firetfhrid 
passage. The mandrel is coupled to the support member. 'Hie mandrel includes 
30 a second fhnd passage operahjy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drfflable. 
The tabular meniber is coupledto The shoe is onipled to the tubular 
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member. The shoe includes a third fluid passage operabfr coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
theahoeisdrillable. 
Brief Description of the Drawings 
5 FIG. lis a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 isa fragmentary cross-sectional view fflustratingthe p lacement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole, 
10 FIG. 3 is a fragmentary croas-eectionid vi w 

first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

HG.Sa is another fraginentary era 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view iDustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fiuidk sealing inateri^ 
the well borehole* 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croes-eectional illustration of a wellbore iw-iiii fiT iE a G f 
adjacent tw&rifijpifnjyg casii ig & 

FIG. 10b is a cross-eectional illustration of an apparatus and method for 
creating a tie- b ac k lin er using an expendible tabular member. 
5 FIG. 10c is a croaa-eectioTtfti ilhistration of the pumping of a fhridic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurising of the interior 
of the tabular member hetltm th» nMmA- »l 

10 FIG. lOe is a eras-sectional illustration of the extrusion of the tubular 
member ofTof the mandrel 

FIG. lOfisacroas-section^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandable tubular member. 
FIG. 11a is a fragmentary oroasHK^^ 
new section of a well borehole. 

FIG. llbisafragmentaiycrosfrflecttonal view iPustrating the pWmfnt of 
an embodiment of an apparatus for hangmgatubular liner witto 
20 of the well borehole. 

FIG. 11c is a fragmentary croas-eectkmal view flhistrating the injection of 
a first quantity of a hardenable fluidir sratingmatftrial into the new section of the 
well borehole. 

FIG. lid is a fragmentary croas-eectaonal view flhistrating the introduction 
25 ofa wiper dart into the new section of the well borehole. 

FIG. lie is a fragmentary cross-sectional view flhistrating the injection of 
a second quantity of a hantannble flnidic sealing material into the new section of 
the well borehole. 

FIG. 1 If is a fragmentary cross-sectional view flhistrating the completion 
SO of the tubular liner. 



Detailed Description of the Il lu s trati v e Embodiments 

An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 

5 member and a mandrel in a new section of a wellbore, and then extruding the 
tabular member off of the mandrel by pressurising an interior portion of the 
tabular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method farther minimizes the reduction in the hole size of the 
w ellbo re casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method farther permits a4jaeent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 

30 wellbore is also provided. The apparatus and method pern^ 

attached to an existing section of casing. The apparatus and method farther have 
application to the joining of tubular members in general. 



Referring initially to Figs, 1-5. an embodiment of an apparatus and method 
for forming a wefflxare casing within a subterranean formation will now be 
described As illustrated a weB 

formation 105. TheweHbore 100 indudes an existing cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weQbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material fimn the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterranean fonnatkm is then positioned 
100. The apparatus 200 prefix 

tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fhnd passage 230, afhiid passage 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

memb er 250. The expendable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available jnrpmdtti^ mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mandr el 205 comprises a hydraulic expansion tool as 
disclosed in UJS. Patent No. 5348,095, the contents of winch are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosu r e. 

The tubular member 2 10 is supported by the expandable mandrel 205. The 
25 tabular member 210 is expanded in the radial direction and extruded off of the 
expandab le mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
30 fabricate from OCTC in orders The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximately 0-75 to 47 inrTwa and 1.05 to 48 inches, respectively. In a preferred 



embodiment, fog "^"T mA ™*<*t jKamntmi of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide H™*™* 1 telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tabular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 exampie,Super Seal II float shoe, Super Seal HDown-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modifie d in 

20 accordance with the teaching* of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fhiidic communication with the fluid passage 240. In this 
manner, the shoe 216 optimally injects hardenable fluidic coaling material into the 
region outside the shoe 215 and tubular member 210, In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cup seal 220 is coupled to and supported by the support member 
260. The lower cup eeal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cops, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises aSIP cup ■v ailnh y 
from Halliburton 

material and contain a body of lubricant. 
10 The upper cup seal 225 is onr^ 
250. The upper an? eeal 225 prevent 

region of the tubular member 210. The upper cup eeal 225 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the *^^g? of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services m 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tabular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. Hie fluid passage 280 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandr el 205. The fluid passage 23 0 ia preferably portioned along a centerline o f 
the apparatus 200. 
25 Thefluid passage 230 is preferably eeleded.m the easing rum 

operation, to transport materiala such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaflWminute and 0 to 9,000 
psi in order to minimize drag on the tubular member being nm and to 
suige pressures exerted on the w 
30 and lead to hole collapse. 

The fluid passage 235 permits ftiidknuderials to be released from 
passage 230. In this manner, during plaonumtof the apparatus 2 W 



-9- 



new section 130 of the weilbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the welibore 100 above the tabular member 210 
thereby mrnimiTHng surge pressures on the weUbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
o pen ing and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably mininuxe s ur ge pr essure The 
fluid passage 235 is preferably positioned substantial^ orthogonal to the centerline 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic m a teri als at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the weUbore 100 and to minimise surge pressures on the 
15 new welibore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
co mmunicatio n with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
ithapft that permits g. phig f or other trimilar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
ftuidicly isolated from the region exterior to the tubular member 2 10. Thispermits 
25 the interior region of the tubular m^ber 210 h^w the eipandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallonafaiinute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new Bection 130 of the welibore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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inclu d es an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed offby introducing a phig, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Thea^ 
of the end portion 200 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the 115 and the portion 
260 of the tubular member 210 to be fluidicty sealed The seals 245 may comprise 
any number of conventional conimeraauy available seals such as, for example, 
10 lead, robber, TeCUm, or 

the present disclosure. In a prefetTBd embodiment, the a 
Stratalock epoxy available from Halliburton En^ 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 2 10 from the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 Ttm support member 250 MttwplflH to the e^sndahle mandrel ?Qg, tubular 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably ammrises an annular mem ber having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weuhore 100. In a preferred 
enibodiment, the support meniber 250 fiirther includes one or more conventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular membor 210. In t his m a rme r, the extrusion of the tubular member 210 off 
of the expandable mandrel 205 is fadlitatecL The lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as, for example, 
Lubriplate,chlorii« 

(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisiexe (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly c lean e d 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized . This 
minimizes the p"««^*y rvff^gn material ^nggingthe various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wcDbore 100, a couple of wellbore volumes are 
circulated in order to ensure thai no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes vnth the expansion 
process* 

15 As illustrated m Fig. 8, the fluid passage 235 is the n c losed anda hardenab le 
fhiidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 3 10 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 10 into the fluid passage 

20 240. The material 805 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pel and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the caring and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
p umped The optiimimflowrate and opera 

30 using conventional empirical me thods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 805 comprises a blended cement prepared 
spedficaHy for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TK in order to provMeoptimalmipportfor tubular member 210 
5 while also maintaining optimum flow characteristics so as to minimize difficnlties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 816 preferably is filled with the material 305 in 
10 fiuffirwmt quantities to ensure that, qpqp ""*™i "pw^ trrtmlur member 
210 t the annular region 815 of the new secticm ISO ofthewellbcma 100 wffl be filled 
with material 805. 

In a particularly preferred emhodimmt, as illustrated in Fig. 3a, the wall 
th ic kness and/or the outer diameter of the tubular member 21 0 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positiora in the wellhnra with tight rUn.^ Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a plug 405, or other similar device, is m into the 

fluid passage 240 thereby fhtidicfar isolating the interior region 310 from the 
annular region 315. fa a preferred a r^-harfennblc fluidic matcrinl 

306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tubular member 210 will 
25 not contain significant amounts of cured material 305. This reduces and simplifies 
the cost ofthe entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded offof the expandable mandrel 205. Daring the extrusion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new welJbore section 130. In an alternative preferred embodiment, 

the extruaOT process 

the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The phig 405 preferably acta to fhndicly isolate the hardcnablc fluldk 
10 sealing material 305 from the non hardnmahle fluidk material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from pl^ 

Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified m accordance with 1x1 

15 a preferred embodiment^ 

from Halliburton Energy Services in Dallas, TX 

After placement of the plug 405 in the fluid passage 240, a non hardenaMe 
fluidic material 306 is preferably pumped mto the interior regwn 310 at pre^ 
and flow rates ranging, for example, from approximately 400 to 10,000 psiandSO 

20 to 4,000 gallons/min. In this manner, the amount of bardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimized. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenaMe material 306 is preferably pumped into the interior region 310 
at pressures and flow rates rsiiging from approximately 500 to 9,000 psi and 40 to 

25 3 t 000 gallons/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and t^ 
of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the inner diameter, and the greater the yield strengthofthe tubular member 210, 
then the greater the operating pressures required to e the tubular member 
210 offof the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 offof the expandable mandrel wfflbegm 
310 reaches, for example, appraxhnater/600 to 9 r 000peL 

Daring the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred enibodiment^ 
10 process, the expandah^ 

tabular member 210 at rates ranging nnm about 0 to 2 ft/s«m order 

to minimise 

the time required for the expansion process w^ 
the expansion process. 

When the end portion 260 of the tubular member 210 is extroded off 

16 expendable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 ofthe casing 115 to fo^ The contact 

pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pal In a preferred embodnnen^ the contact pressure of the overlapping 

20 jomt ranges from approxh^ 

pressure to activate the annular seeling members 245 and optimally provide 
radslamce to axuU motion to a^ 

The overlappingjoint between the section 410 of the existing casing 1 16 and 
the section 266 of the expaiided tubular member 210 preferably provides a gaseous 
25 and ftiidic seal Inapartiradarfrmt^ 
optimal^ provide a fluk& 

In a preferred einbodiment, the operating pressure and flow rate of the non 
harrienaMft flniriic mnrerial 806 is controllablv ramped down wh^n »h * ^.t^ f 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of presimre 

tubular meniber 210 off JnB 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The y^c**^ absorber may comprise, for example, any conventional commercially 
available shock absorber adapted to 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Ones the extrusion process is r^mplrtH, the expendable mandrel 205 is 
removed from the wellbore 100. In a pr efer red embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidk seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tub ular member 210 and the lower portion 270 of the casing 1 15 is satisfactory. 
fhm anyuncured r*y*a«n of the material 3Q5 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for e xample, rir rnlntrn g the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

AsflhistxeledinFig. 6, preferabry any iwm ming cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional mj"™^ using a conventional drill string 505. The resulting new 
section of casing 610 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ia a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 k « 

In a preferred embodimen t, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 me2nbere605areb(mdedar 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to expand Supper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in vebcfly fa far™ minimises yn~+**T> gh^fe fr? t he 
en tire apparatus 200 upon the completion of the extrusion process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbare preferably includes an 
20 expandable mandrel or pig 705, an e xp an dable mandrel or pig container 710, a 
tubular member 715 f afloat shoe 720, a lower 0^8081725, an upper cup seal 730, 
a fluid passage 736, a fluid passage 740,asupport member 745, abo^ 
750, an overshot connection 755, another support member 760 , and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 705 is farther ampled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabiy expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conditional commercially available expandable mandrels 

30 modified ^accordance w In a preferred 

embodiment, the e xp a nd able mandrel 705 comprises a hydraulic expansion tool 
substantial^ as disclosed in UA Pat No. 5,348,005, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 ia further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weUbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expa nded , the 
outside diameter of the tubular member 7 15 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre fer red embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the waD thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faxnliate the initiation of the ez 
10 700 to be positioned in locations in the 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 716 may range, for example, from about 1.05 to 48 inches and 178 
to 2 inches, respectively . In a preferred emb odiment , tha mitw dia mete r an d wb H 
thickness of the upper section 805 of the tubularmember715 range fromabout 3.5 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 716 may range, for example, from about 2JS to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall t hickne ss of the intermediate section 810 of the tubular member 715 range 
20 from about 3,5 to 19 inches and 1/8 to 1-26 indies, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 inay ranged 

to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment the wall thickness of the tower section flip of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for g*»Tnpi^ aluminum are used. 

The tubular member 715 preferably comprises a ao^ In 

30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modifipri to catch or slowdown the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, t he 
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length of the tubular member 7 15 is limited to minim face the possibility ofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the crosg-eectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
dements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferab includes a body of solid material 840 for increasing the strength of the 
shoe 720. In a particularly preferred embodiment, the body of solid material 840 
comprises a Imtt^ ^tt*^ « 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a p r efer r e d embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubular member 715 and an existmgwellbora casing, a 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The tower 
cup seal 725 may comprise any number of conventional commerdaBy available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of habricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interio 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for example , TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teaching* of the present disclosure. In a preferred embodiment, the uppercnpseal 
730 comprises a SIP cup availab^ 

in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior region of the tubnlar member 715 helow th» »»p«inl«M» mandrel 
705. The Olid passage 735 is fhxidkr^ Thefiuid 
passage 735 is preferably coupled to and positioned within tto 
780, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 706. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gal Wi stainute 
and 500 to 9,000 psi in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandrel 705, 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbare, fluidic materials forced up the 
fluid passage 735 can be released into the wem»re above the tubular member 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fl^ The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to cantralliAfr minm^ mrg& prefigures. The 
30 pressure release passage is preferabr/i» 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey mat e ri a ls such aa cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimize surge pressures on the new weDbore section. 

The fluid passage 740 permits fhiidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The Quid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other siiiular device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block ftirther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidity isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment , the fluid 
passage 740 inc lu des an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prrffrrH embodiment , ^ apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned on an outer surface of the end portion 
620 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluididbr sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teac hing s of the 



present disclosure. In a pref erred embodiment* the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic real and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tubular member 
715. 

In a preferred emborlhnmt the seals 845 are selected to provide a iniffiiiVnf 
frictional force to support the expended tabular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular number 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 
16 700 into a new section of a weilbom The support member 745 ina^ 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other hj gh strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment the support member 74fi finmprinpa conv entional drill p*p? nyflilnblf* 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the «*p»«d«KU mandrel «mta>iru»r 71 0 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated , The lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oQ based lubricants, or flHiw» 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Anttsieze (3100) ratable from Halliburton Energy Services in 
Houston. TX in order to optimally provide lubrication to feeflia te the e xtensi o n 
30 process. 

The overshot connection 765 is coupled to the support member 745 and the 
support member 760.- The overshot connection 755 preferably permits the support 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 756 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 mto anew se^n of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, ariled tubing or other higfcrt 
modifiedmattOTdancewto In a preferred 

15 embodiment, the support member 760 ccmprisesaconventional drill pq>e available 
from steel mills in the United States. 

Hie stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 alao preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diame ter of the tubular member 715 in order to optimally minimize 
buckling ofthe tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocks modifiedin accordance with the teachings 

25 ofthe present disclosure. In a preferred embodinie^ 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to asaembfy to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized This minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with 

In a preferred embcKhmant, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore 

10 AsilhistratedinFig.8. inana ltg n u rt to pr efe i red *****™—* m tht method 
and apparatus described herein is used torepekaneristingwenbore <»smg8W 
by forming a tubular liner 810 inside of the existing wellbore casing 805. Ina 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferr^ 
15 materials can be used to expand the tubular hner 810 into intimate contact with 
the damaged section of the weDbore casing such as, for »™«plf > cement, epoxy, 
slag mix, or drilling mud: In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both mds of the tubular member in order 
to optimally provide a fluidic seaL In an alternative preferred embodimen t, the 
20 tubular lmer 810 is formed withm 

as those used to transport hydrocarbons or water, with tto 

in an overlapping rel atio n s h ip with the adjacent pipeline section. In this manner, 

underground pipelines can 

damaged sections. 

25 In another alternativB preferred embodiment, the method and apparatus 

described herein is used to dire^ Ina 
preferred embodiment, an outer annular lining of conent is not provided between 
the tubular liner 810 and t^ In the alternative preferred embodiment, 

any number of fluidic materials can be used to expend th* ******* liner 810 into 

30 intimate contact with the wellbore such lis, fte 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, « preferred embodiment of an 
apparatus 900 for forming a weUbore casing includes an expandible tubular 
member 902, a support member 9 

908. In a preferred embodiment, the design and construction of the mandrel 906 
5 arid shoe 908 permits ea^ removal of th^ In this 

manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914L During operation of the 
10 apparatus 900, the tubular member 9(tt is 

906 by pressurizing an interior region 966 of the tabular member 902. The 
tubular member 902 preferably has a Bubata^ 
fciaparticularry 

is coupled to the upper portion 9 10 of the expandable tubular member 902. During 
15 operation of the apparatus 900, the tubular member 916 is prefer^ 

of the mandr el 906 by pressurising the interior region 966 of the tubular member 

902. The tubular member 915 preferably has a substantially annular cross-section. 

In a preferred embodiment, the wall thickness of the tubular member 915 is 

greater than the wnll fr^i™** ftf **** tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 

tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 

the tubular member 916 is fabricated 

provide approximately the same mechanical properties as the tubular member 902 . 

25 Inapaiticularly preferred emb^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the s The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upperendporttonof the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a p re fe rred embodiment, the combined length of the tabular members 
902 and 915 ere limited tn minimize thm possibility *fbuc¥h'pg Far typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 9 14 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available ™«fan4«t« men as, for example, oilfield 
tubular km alloy steels,* In a preferred embodiment, 

the tabular member 902 is fabricated from oilfield tubulars in order to optimally 
provide approximately t he same mechanical properti es as the tabular member 9 15. 
In a particular^ preferred 
15 point ranging from about 40,000 to 135,000 pad in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

TbB wall thickness of the upper, intermediate, and lower portions, 910, 912 
and914ofthetubizlarinembeT902mayrange t for example, from about lA6toI.5 
inche s. In a preferred embodiment, thftw«u thickness of the upper, intennediate, 
20 and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
1/B to 1,25 in order to optimally provide ™»H ^A^mm t K ftt hit about the tramr m 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intennediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 Vs to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The leng th of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

Tbe tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
rgmpri up* Oilfield Country Tubular Goods available from various U.S. steel milla. 
The tubular memb er 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of tbe 

10 present disclosure. Inapnrfei^embodim^ 

Oilfield Country Tubular Goods available from various US- steel mills. 

The various elements of the tubular 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for example, threaded conne ct i on s, 
welding or ™ from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 916 are coupled using welding. The tubular 
member 915 may comprise a plurality of 

end. Tbe tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support 

during movement of the apparatus 900 within a weUbore. Tbe support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available m a teri a ls such as, for example, oilfield 
tnbulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the s upport member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably ia coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

ThenuMpassage918ispreferab^ufledtoco^ 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicfr coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 91S ia used to convey h*r*»n»hu fMAi* sealing r^trrinlq to and from the 
apparatus 900. In a partkolarfr preferred^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the a In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centeriine of 
16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk flnidic ma**rit»\* at operat in g pressures 
ranging from about 0 to 9,000 pal 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably ia adapted 
20 within the tubular membw 

of conventional guide members modified m accordance with tfae tM^hin^a pf t he 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
umerstrfagadapter available n^m Halliburton Energy Services in Dal^ 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support The 

coupling 922 prafaahfr compriaes a conventional threaded connection. 

Hie various elements of the support member 904 may be couplri 
number of conventional processes audi as, for example, welding, threaded 
co nnectio ns or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded connections. 
The mandrel 906 preferably indodes a retainer 824, a rabbv 
expansion cone 928, a lower cone retainer 932, a lower guide 

-29- 



934, an extension sleeve 936, a spacer 93 8 , a housing 940 , a sealing sleeve 942, an 
upper com retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, fabricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
hibricator sleeve 948. The retainer 924 preferably has a substantially annu l ar 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the hibricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
gn mutiw-T a! * fnto ihm interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup* In a pr e f erre d embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly pr e f erred embodiment, a body of lubricant is further 
provided m the interior 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antaseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiseixe 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optirxtally provide hibrication to fariliate the extrusion process. 

The expansion cane 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the exteiision sleeve 936, th^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred enibodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930,houaing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantial^ axmular cross section, 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 indies. In a preferred embodiment, the wall 
t hicknes s of the expansion cone 928 ranges from about 0 56 to 0 . 75 inches in order 
to optimally provide adequate compressive strength with mmfmni material. The 
10 maximum and minimum outside diameters of the expansion cons 928 may range, 
for example, from about 1 to 47 inches. In a preferred embodiment, the maximum 
and minimum ontsid« diameters «f*h» pgff nmgp from about 3.5 

to 19 in order to optimally provide expansion of genera%avaflabte oilfield tubulars 
The expansion cone 928 may be fabricated from any nxnnber of conventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface har d ne ss of the outer surface of the expansion cone 928 may range, for 
example, from about 60 Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface har d nes s of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhndmgnt, the 9?P ia heat tretttod to 

optimally provide a hard outer surface ami a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness 
26 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially angular cross section. 

Hie lower cone retainer 930 may be fabricated from any number of 
30 conventional c ommemnU y available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 60 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 HockweD C to 62 Rockwell C 
5 in order to optimaUy provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a referred embodiment 

10 cone 928 are formed as an integral one-piece element in order rednra 

of components and increase the overall strength of the a pp aratus . The outer 
surface of the lower coraretame^ 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906 . 
The body of cement 932 further may be easiry drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drill wig device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement The body of cement 932 preferabry has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 Duringoperationoftte 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to the lower guide 934 a^ 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially imnnlnr cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for ^a-mpl^ oilfield 
tubular*, low alloy steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is fabrica^ 

highyieM strength. The outer surface of the extension sleeve 936 preferably mates 
with the nmer surface of ^ in a 

preferred embodiment, the extension sleeve 936 and die lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increaae the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be co nv e y ed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabri ca t ed from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability. The end of the sparer 938 preferably mates 
26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the settling sleeve 942 are formed as an integral one-piece element in order 
to reduce the number of components and increase the strength of the apparatus 
The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and tower cone retainer 930. During 
30 operation of the apparatus 900, the housing 940 preferably prmmntp 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubuiars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preferred embcxliment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one ox more protrusions to fadliate the connection between the 

10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement932, the spacer 938,andttou^ During operation of 

the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906, The sealing sleeve 942 is preferably co^ 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cros s section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminium or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide Arillability of the sealing sleeve 942 . 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 indudes one or more protrusions to 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to mmimixe the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and thebody of cement 932. During operation of the apparatus 
900, the upper cone retainer 94^ 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross uuctloji. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cane retainer 944 
is fabricated from aluminum in order to optimally provide drillab ility of the upper 
5 cone retainer 944. 

In a particularly prefeired embodiment, tn^ 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional sha pe 
that is substantially I-shaped to provide increased rigidity and minimize the 
10 amount of material thai would have to be drffled out 
The lubricator mandrel ft46 to 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the booty of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron, In a preferred «mtM»Km«»nt th« bihrt^*/^ mandr el is 
20 fabri cated from alnminum in order to optimally provide driUabflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, theupper cone retainer 944, theM 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantial far annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for examp le, steel, 
aluminum or cast iron, In a preferred embodiment, the lubricator aleeve 948 is 
30 febricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The hibricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred c nibo dmient, seals 949a and 949b are provided between the hibricator 
5 mandr el 946, rubricate sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the hibricator mandrel 946, the retainer 924, 
and the hibricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support m Preferably, the 

10 guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 
commercially available Trmtfrif* 1 * such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly prefer re d embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic m a teriala at pressures 
20 and flow rate rajciging from about 0 to 9,000 o^ 
to cytimaufr provide 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled usiiig any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jeta 964. 

30 The housing954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extra sum and positioning of the tabular member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
co mmer c i ally available materials such as, for example, «r aluminum In a 
5 preferred embodiment, th» bousing 954 « fphrirmtoH frmm al uminum *n imter to 
optimally provide drillability of the housing 954. 

In a par ticular ly preferred emb odiment, the interior surface of the housing 
954 includes one or more protrusions to fecfliate the connection between t^ 
of cement 966 and the housing 954. 
10 The body of cmngnt ftfifl in mnplflri to thu hmt jm g PA1 andtheseaiingaleevg 

958. In a preferred -mn hodhnent, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling ranrKhw* and proooiHW B. 

The composition of the body of cement 956 nay include any number of 
15 conventional cement compositions. In an alternative embodiment, a driilable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
haxdenable fhndic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jeta 964 in oitter to mjt*± th» hfj^gnftfrfc fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment* during operation of the apparatus 900, the sealing sleeve 958 further 

25 inchidesanhiletgeometzythatp 

lodged in the mtet of the sealing In this manner, the fluid passage 962 

may be blocked thereby fluidicjy isolating the inferior zegra 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
SO annular cross-section. The sealing sleeve 958 may be febricated from any number 
of conventional commercially available materials audi as, for example, steel, 
al uminum or cast iron, In a preferred embodiment, the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fhiidkty isolating the interior region 966 of the tubular member 902 . In 
a preferred embodiment 

the spacer 938 in order to optimally faciliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fahricatedfi^m any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic m a t e ri als. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9, WW psi and 0 to 3,000 gallonsArim m order to optimally 
provide fluids at operationally effi c ien t rates. 

30 The ontletjeta 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a phinUiiy of outlet jets 964. 

In & preferred embodiment* the outtetjcts9Mcoiiqxrisepessa^<Mnedm 
the hoiiaing 954 and the boo^ of ceme^ 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodim^ 

described above with reference to Figs. 1«8 to create a new section of casing in a 
weUbore or to repair a wellbore eaumg or pi pwKyip , 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill staring is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore . In a particularly 
preferred embodiment, the apparatus 900 indudes the tubular member 916. Ina 
preferred embodiment a hardenable fhiidic sealing bardenable fhiidic 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardgnahkflmd^aealfaginat 

interior region 966 of the tubular member 902 below the mandrel 906. The 
bardenable fluidfc sealing rm 

the fluid passage 962. The hardenable fhiidic sealing material then nits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 

exterior of the tubular niember 902 and the interior waUo^ 

wellbore. Contained p nmpfng of the h« w%*Hf fluidic fff^ lrrg ^ ■terifll ranees the 

material to fill up at least a portion of the annular region. 

The hardenable fhiidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 

5,000 psri and 0 to 1,500 gallons/min, respectively. In a preferred embodiment, the 

hardenable fh ri d i r spsHngmaterial is pumped into the annular region at pressures 
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and flow rates that are designed for the specific weUbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenabl e fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also ™«m*»fafag optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the «Tmnh>r 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
materia] in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adeq^tefy filled with hardenable floidk 
sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fmidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtrodudngtoeptagor dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
atflPll^t nfmrmi TTtfttPrial within thfl interior of the faibular members 902 and 915 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandihle. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904, During this extnura the shoe 908 is preferably 

substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into tbef^ passage 918 at a sur^ location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercial^ availab le devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down nhig modified in accordance with th« t^h^g * „f 
the present disclosure. In a preferred embodiment, the piugor dart 974 comprise* 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandahle mandrel will begin when the pressure 
20 of the interior region 966 reaches approximately 500 to 9,000 pai In a preferred 
embodiment, the extrusion of the tubular members 902 and915offoftbemandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psz witha flow rate of about 40 to 1250 gallonfvniiiiuie. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 



-41- 



When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of tiie upper end portion ofthet^ular member 
916 win preferably contact the interior surface of the lower end portion of the 
OTigttTifr casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 60 to 20,000 psL In 
a p refe rre d embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular member 915 and existing wellbore casing wiU cany ^j»cal tensile and 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fhiidic material will be controilabry ramped down when the mandrel 
906 reaches the upperend portion of the tubular member 915- In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximator/ all but about the last 5 feet of the 

20 extrusion process* 

In an altern ativ e p re fe rred embodiment, the operatingpressure and/or flow 
rate of the hardenable fhiidic sealing material and/or the non hardenable fluidk 
materi al are controlled during all phases of the operation of the apparatus 900 to 
minimize shock. 

25 AltenaativefyjOrmcombinati 

member 904 in order to absorb the shock caused by the sudden release of jmssure. 

Alternatively, or in combination, a mandrel catching struiiure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 
the wellbore. In a preferred embodiment, either before or ate 
mandrel 906, the integrity of the fhiidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using convent If the fluidic seal of the overlapping 

joint between the upper portion of the tubular member 91 5 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 bardenable fluidic seaJing material within the expanded tubular member 915 is 
then removed in a conventional manner. The bardenable fhiidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then altowed to cure. 

Preferably any remaining cured hardpnable fluidic sealing material within 
10 the interior of the expanded tabular members 902 and 915 

conventional manner using a conventional drill string. The resulting new section 
of casing preferabfy includes the expanded tubular members 902 and 915 and an 
outer annular layer of cured bardenable fhiidic sealing ™o»*ri ff i The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire a 

to a m a lfu n c tion. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to faemtate ^ 

20 the remaining sectkms. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aliimnram, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of the mandrel 906 and shoe 908, including erne or more of the body of 
cement 932, the spacer 938, the s^ 

the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
mslflmrtio n downhole, the apparatus 900 may be easily removed from the 
wellbore. 



Referring now to Figs. 10a, 10b, 10c, 10d, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a weUboxe will now be described As 
illustrated in Fig. 10a y a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably indudes a tubular liner 1008 and a cement 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 

10 In a particularly preferred embodiment, an upper portion of the tubular 

liner 1012 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the lipperpoi^ 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

16 Referring to Fig. 10b, in order to create a tie-back liner that e xtend s from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expimdahfr mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expanda bl e mandrel 1105 may 
comprise any number of conventional commercially available expandable man d rel s 

25 modifi^ in accordance with the teacW Inapreferred 
embodiment, the expandable mandrel 1105 con^rises a hydimilic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348 r 095, the disclosure of which is 
incorporated herein by reference, modffied in accordance wn* 
present disclosure. 

30 The tubular member 1 1 1 0 is coupled to and supported by the expandable 

mandr el 1106 The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, IS chromimn tubing ox plastk In apreferred embodiment, 

the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubtu^ member 1110 may range, for 
5 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively, 
la a preferred enibodiinent, the inner and outer diameters of the tubular me mbe r 
1110 range from about 3 to 15.6 inchest 

to optimalryprovide coverage for typkrfoimeM casing sires. The tubular member 
1110 preferably comprises a solid member. 
10 In a p ref erred e mbodimmt , the upper eo^ 

1110 is slotted; perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
Mi™™"* *** possibility of budding. For lyrical tubular memto 
15 the length of the tubular member 1110 is p 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 15 includes the fluid passage 1186. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SetdHflort 

with a sealing sleeve for a latch down phxg modified in accordance with the 
teachings of the present disclosure. In apreferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side pc>rtsradiatrng off of 
25 Energy Services in Dallas 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlapbetweenthe tubular member 1100 and the casing 1012, optimalfrflnidicfr 
isolate the interior of the tabular member 1 100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidk communication with the fluid passage 1135. In this manner, 
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the shoe 1115 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Picker (SIP) cups modified in 
accordance with, the teachings of the present disclosure. Li a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or anoxias at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally flfficfant rates. 

The fhiidpassage 1135 permits fln 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block farther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tabular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned akmgthe periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling nmd or epox 

about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fiU the 
annular region between the tubular member U10 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet paasage coupled to the fluid passages 1 140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular membe r 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 10 12 and the lower 
end portion of the tubular member U10 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epaxy seals modified 
in accordance with the teachings of the present disclosure. In a pre fe rred 
30 embodiment, the seals 1145 comprise neals molded from Stratakx* epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic seal in the overlapping joint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are sekcted to optimally prtrvide 
a sufficient frirfaonalforce to support the expanded tubular member 1110 from the 
5 tubular liner 1008. In a preferredembodirnent, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Min tension and compression in 
order to optimally support the expanded tubular member 1110, 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an ■nmiUr member having sufficient strength to carry the 
apparatus 1100 into the weDbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centraHiers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In Una manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Uibriplate, <^mrine based lubricants or Climax 1500 Antiseize (3100). 

20 In a preferred embodiment, the lubricant 1 150 co mpri ses Climax 1500 Antiaebe 
(3100) available from Cttmax Lubricants and Equipment Co* in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a pref e r red embodiment! the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the mtrodnctkm of foreign material into the apparatus HOP ism fnlmised . 
This nrinimixea the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 ohiring the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 

SO packer 1155 coupled to the bottom section of the shoe 1115 for fhiidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer availahle from Halliburton Energy Services in 
5 Dallas! TX. In an alternative embodiment* a high gel strength pill may be set 
below the tie-baxiin place ofthepadker 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple ofwellbore volumes are circulated in order to 
10 encore that no foreign Tnatftrialg are located within the wellbore i nofl that ™'gh» 
clog up the various flow passages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

AsilhifitratfidinFig Me, a hm^mflhla fWhV^lfrigmnt^l 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallona/min, respectively. la a preferred embodiment, the 

into the annular region at pressures and flow rates specifically designed for the 
casing sires being run, the annular spaces being filled, the pumping equipment 
available, and the prope r tie s of the fluid being pumped The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenab le fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidie sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in ozd er to optimally provide proper support for the tubular 
member mo while maintaining optimum flow characteristics so as to minimize 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 annular region will be filled with material 1160. 

Aa illustrated in Fig. 10d,once the annnlar region has been adequately filled 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluidicly isolating the interiw 
region of the tubular member 1110 Aram the annular region external to the fibular 
15 member 1 1 10. In a preferred embodiment, a non hardenable fluidie material 1 16 1 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugB 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidie 
20 material In this maimer, the amount of hardenable fluidie material within the 
interior of the tubular member 1110 is minimized 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tubular member 1110 is ertrudedoflf of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a p re fer r e d embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After p l acem e n t of the plugs 1165 in the fluid passages 1140, the non 
5 hard enable fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 galkmafain. 
In a preferred embodiment, after placement of the phage 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 is preferably pumped into the 
10 interior region ofthe tubular member 1110 beW the mandrd 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gaUom/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion ofthe tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region ofthe tubular member 1110 belo^ reaches, for 

example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion ofthe tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure ofthe interior region ofthe tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandable mandrel 1105 may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In apreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out ofthe expanded portion ofthe 
tubular member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be comphsted before the material 1160 cur^ 

In a preferred embodiment, at feast a 
1110 has an internal diameter less than the outside diameter ofthe mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the weHbore casing 1012. Inaparttari a r jy preferred embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pat in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resist ance to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1 1 10 has an internal diameter less than the outside 
diame ter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tabular member 1110 and the existing easing 1008. In a preferred 
embodiment, the contact p 

member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllahfcr ramped down when the e xpandab le mandrel 1105 
reaches the upper end portion of the tomular member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be mintmriffd . In a 
preferred embodiment, the operating pressure of the froidic material 1161 is 
reduced ma substantially 

of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 6 feet of the extrusion process. 
Alternatrvely,OTm<»m^ 
member 1150 in order to absorb the shock caused by the sudden release of 

pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubxdar member 1110 m orte 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbare 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the npper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member lllOis then removed in a conventional manner. The 
10 material 1160 within the annnlar region between the tubular m 
the tubularliner 1008 is then allowed to cure. 

As illustrated in Fig. 1% preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional msTuier using a conventional drill string. The resulting tie-back liner 
15 of casing 1170 includes the mrpanded tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g f the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 and pecker nra «tmg mrn umtaftTiwi drilling "^ftffls 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for hanging a tubular liner off of an existmgwellborecaaingwmnowbedescrfted 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wallbore 1200 mrinden nn wt^fn g r*~ti<m 1 ?10 haying 
a tubular casing 1215 and an annular outer Iqyer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known m*™**- to drill out material from the 
subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 pre^ 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 13 20 , a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
n umb er of conventional commercially available ex pandab le mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and s up p o r te d by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 maybe fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tuning/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the t^ularmernber 1310 may range, for 

20 example, from approximately 0.75 to 47 indies and 1.05 to 48 indies, xespectiv^y. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal telescoping effect in the most conunonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from alxjut 3/8 to 1 W inches aiid 3 Vi to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1 365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubular member 1310 is less than or equal to the 
5 wall thickness. of the upper and lower sections, 1855 and 1365, of the tubular 
member 1310 in order to optimally ferfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to mfafmi^ the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
16 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. like shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing aleeva for a Utriwrfnfwn plug Tnn^if^ fn nrrmrAn™* with jh* tea^hin^i nf 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
ahiminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidicfy isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the Bhoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 

30 outlet porta in fluiriic roffiTnunirnHnn with tl» fhiM paamgft Iran Tn this manner, 
the shoe 1315 preferably injects hardgnflhl* flmrf w« sealiagniaterial mfrft thpTfgfen 
outside the shoe 1315 and tubular member 1S10. In a preferred embodiment, the 
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shoe 1315 iiv»hidpft the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330, 

6 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably portioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to op timally provide sufficient operating pressures to circulate fluids at 

16 ftp^yptinTiftlly ttffirfant rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 

26 member 1310. This permits the inter* 

below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
regionbetween the tubular member 1310 aikl the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug t dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centeriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or epoxide at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to optimally fin the annular region 
between the tubular member 1310 and the new sectkm 1230 of the weObore 1200 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicry sealed. The 
seals 1340 may comprise any mrahw of co pv a ■ co mm a ftry fa U y p i^ni 3 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present disclosure. In a pr e f erred embodiment, the seals 
1340 comprise seals molded from Stratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annuhas of the overlapping joint while also creating optimal load bearing capability 
26 to withstand typical tensile and compressive loads. 

In a preferred embodiment the seals 1340 are greeted tn np tiTTmUy p™*nrf* 
a sufficient friction al force tn mppftt* th» grp^^ friimlftr member 13 10 from the 
existing casing 1215. In a preferred embodin^ 

the seals 1340 ranges from about 1,000 to 1,000,000 Dbf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centrahxers (not illustrated) to help stabilize the tubular memb er 1310. 

5 Inapreferred embodiment, the 

prior to assemWy to the remaining portions of the apparatus 1300. In this 
manner , the introduction nffan^E" wn»t«rifti into the apparatus lSOOk miTiirnim L 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the appan 

10 interferes with the pxrwnwon process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. Hie wiper plug 1350 includes afluid 
passage 1375 that is coupled to tie fluid passagB 1320. The wiper plug 1350 may 
comprise one or more conventional commerciauy available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachin g s of the 
present disclosure. In a pref erred embodiment^ tte 

Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 
In a preferred embody 
within the new section 1230 of the weQbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material Interferes with the 
extrusion process. 

As illustrated in Kg. He, ahardenable fluidic Healfagmatorial 1380 is then 
pumr^fxomasur&celocatmnmto The material 1380 

then passes from the fluid pasi^ 1320, through the! 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 tlim^ 

the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular inember 13 10 and tte 

1200. Continued pumping of the material 1380 cau ses the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/nun, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallonatoin, respectively, in order to optimally 

10 fill the annular region between the tubxilar member 1310 and the new ae^ 
of the weUbate 1200 with the haidenahla flaidfc wwfing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional <xraimerciaDy available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Halliburton Energy 
Services in order to optimally provide support for the tubular member 1310 (hiring 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of 
1310, the annular region 1390 of the new section 1230 of the wellbore 
filled with material 1380. 

As illustrated in Fig. 1 Id, once the annular region 1 390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device 
into the flu i d p as s a ge 1320, Tne wiper dart 1395 is preferabfy 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper prag 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper d^u-t 1395 with the wiper phig 1350causestie wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330, and fhxidicly isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fiuidic material 1381 is then pumped into the interior region 1370 
censing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
ex pandab le mandrel 1805. During the extrusion process, the expandab le mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1 39 5 into the fluid passage 13 20 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially avai^ 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 

15 the present disclosure. In a preferred en&odhiient, 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the w^phig 1330 and wq» 

20 dart 1395, the non hardenable fiuidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pai and 0 to 1,500 gallonsAnin in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fiuidic material within the interior of the tubular member 

25 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidie material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangn^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit adjustments to be 
made in op^rf^g jomtneter s during the extrusion process, 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmctkm of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional em piri c a l methods. 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expended portion of the tubular member 1810 at rates ranging, for 
example, from about 0 to 5 fl/aea In a preferred frmhoHiment, during tha sfon 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface of the upper end portion 
20 1355 of the tubular member 1310 will preferably contact the interior surface of the 
lower end portion of the casing 1215 to form an fluid tight overlapping joint The 
contact pressure of the overlapping Joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provto contact press 

enough resistance to withstand typical tensile and com p re ssive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fhridk and gaseous seal in the overlapping joint 

In a preferred emhodimgnt, the "T^t?"CTT«»fflmrp end flow rate of the nan 
30 h a rden ab le fluidic mater ial 1381 iaoontniDahfr ranged down when the expandable 
mandrel 1305 reaches the upper end portkm 1355 of the tubular member 13W^ 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
be ginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, or in combination, « Ehnrirahaprher iapitividfidmth^ 
member 1346 in order to absorb the shock caused by the sudden release of 
pressure. 

Alte rnati vely, or in combination, a mandrel catching structure is provided 

10 in the upper end portion 1355 of the tubular member 1310 mo 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, d 
the removal of the expandable mandrel 1305, the integrity of the fhndic seal of the 

15 overlapping joint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 is then removed in a conventional maimer. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventio nal manner using a conventional drill string. The resulting new section 

25 of casing 1400 includes the expanded tubular member 1310 a^ 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingthe shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formation lias been deaaibed that m 

in the borehole. A body of fluidic material is then mjected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 



The injecting preferably includes injecting a hardgnable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non bardenable foodie material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular region from the interior region before injecting the second 
quantity of the non hardenable sealing material into the interior region. The 
injecting the hardenable fluidic sealing material ia preferably provided at 
operating pressures and flow rates ranging firmi about 0 to 5000 psi and 0 to 1^00 
gaDonstoin. The injecting of the non hardenable fluidic material is preferably 
10 provided at operating pressures and flow rates ranging frtnnabcmt 600 to 9000 pa 
and 40 to 3,000 gnllonVmfn , Th^h^ingnnhm pan hardenable fhTidir material 
is preferably provided at reduced* operatingp««suiwandflowrates during an end 
portion of the extruding. The non hardenable fluidic material is preferably 
iqjected below the mandreL The method preferably indudes pressurizing a region 
16 of the tubular liner below the mandreL The region of the tubular liner below the 
mandrel is preferably pressurised to pressures rangingircm about 500 to 9,000 paL 
The method preferably m^htri flnidiVly ianlnrtiTig an interior region the tnb "1j»r 
liner from an exterior region of the tubular liner. The method farther preferably 
includes curing the hardenable sealing material, and removing at least a portion 
20 ofthe aired sealing material k)cated within the tabular liner. The method farther 
prefw^ly includes overlapping tto 

The method further preferably iix^ides sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method farther preferabty 

the overlap between the tubular liner and the existing wellbore casing. The 
method farther preferably includes removing at least a portion of th» huTtfcnftbte 
fhiidicsealingmaterial within the tubular liner before caring. The method further 
preferably includes lubricating the surface ofthe mandreL The method farther 

30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the wrniplpfrrn thf fr*Hj dw g 



An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe* The support member includes a first Quid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to IhemandreL The shoe is coupled to 

liner and includes a third fluid passage . The first, second and thirdfluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inehidesom 
adar^toprevmt foreign inaterial from 

member. The mandrel is preferably expandable. The tubular member is 

preferably fabricated from materials selected fiwn the group c»m 

Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psL The tubular 
tp am bar preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 

20 portion, The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
b locking the inlet port. The shoe preferably is drillable. 

A method o f joining a second tubular m ember to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that i nc lu d es positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 

30 second tabular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provide at operating preasuies ranging from 
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500 to 9,000 psL The pressurizing of the portion of the interior region of the 
secon d tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method ftirther preferably includes 
sealing the overlap between the first The method 

5 further preferably fa r- hides supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandreL The method farther preferably 
includes absorbing shock. 

A liner for use in creatinganew section of weflbore casing in a subterranean 
10 formation adjacent to an already existing section of weflbore casing has been 
described that includes an annular member. He annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weflbore casing has been described that includes a tubular liner and an 
15 anmilarbod|yofacnredflnldteflBalingmale^ The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weflbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a bary of ha 

region external of the tubular Kner. During the pressurizing, the interior portion 
of the tubular liner is preferabr^ 

tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing weflbore casing. The weflbore casing preferably 
inctadesaseal positioned^ 

weflbore casing. Tubular liner is preferably s u pported the overlap with the 
existing weflbore casing. 

A method of repairing an easting section of a weflbore casing within a 
30 borehole has been described that inrfudfin milling « tnfoilar liner and a mandrel 
within the weflbore caarny nyrfmg a body «f « fht^ ™ fl frrlfll httrr the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred onbodiineiit, the nuidienmteri^is sdectedfrom the group consisting 
of dag mot, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method fti H>^ includes fVHiHy imrinlfrig interior region of the tabular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of ^ 

rates ranging from about 500 to 9,000 pa and 40 to 3,000 gallonafrnin. In a 
preferred embodiment, the injecting of the body of fhiidic material is provided at 
reduced operatingpresBUres and flo^ 
10 In a preferred embodiment, the fhiito 

a preferred embodiment, a region of the tubular finer below the mandrel is 
pressurized. In a preferred embodiment, the region of the tabular finer be^ 
mandrel is pressuriied to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbare casing. In a preferred embodiment, the method 

includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the methiri 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method farther includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular finer and an annular body of a cured fluidk sealing 
material. The tubular finer is formed by the process of extrodmgt^ 
off of a mandre l The annular body of a cured fhiidic sealing material is coupled 
30 to the tubular liner. In a prefer 

process of placing the tubular finer and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular finer. In a preferred embodiment, 



-68- 



during the pressurizing, the interior portion of the tubular liner is fluididy isolated 
from on exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the pro 

sealing material into an annnlar region between the existing wellbore casing and 
the tubular liner. In a prefe rred embodiment, the tubular liner overlaps with 
another exis t ing wellbore casing, In a p r efe rr e d «mhrtriim«mi the tit-back liner 
further includes a seal rx^ 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel isdrillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a (billable body. 
Preferably, the interior portion of the shoe m 

bearing member. Preferably, the load bearing member comprises a drillahle rxxry . 
Preferably, the exterior portion of the mandrel comprises an expansion cone 
Preferably, the expan s ion cone is fabricated ftrtm rat^fa selected ftxra the group 
consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62Rockwena Preferably at least a 
portion of the apparatus is drillahle. 

Al though illustrative embodiments of the invention have been sho wn and 
described, a wide range of mo dificati o n, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iiyectingfluidk material into the borehole; 

5 pressurizing a portion of an interior region of the tabular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

1 2. A method of creating a caring In a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing^ 
S comprising 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the already existing casing ; 

9 injecting a hardenable fhiidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkfo isolating the ann^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable flnidic material into the interior region of the 

15 tubular liner below the mandr el; 

16 extruding the tubular liner off of the expandable mand rel; 

17 sealing the overlap between the tubular liner and the already existing 
IS casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenable fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 

removing at least aportion of the cured ftaidk hardenable sealingmaterid 
within the tubular liner. 

An apparatus for expanding a tabular member, comprising: 

a support member, the support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including ; 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a shoe coupled to the tubular liner, the A 

wherein the first, second and third fluid passages are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing dements; 
a shoe coupled to the tubular member, the shoe including 

a fourth fluid passage coupled to the third itaid passage, the fourth 

fluid passage adapted to receive a stop member, and 
one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidic material outride of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joiiiinga second tubular member to a first tubular member, the 

2 first tubular member having an inner diameter greater than an outer diame ter of 

3 the second tubular member, comprising: 

4 paw tinning a mandrel within an interior region of the second tubular 

5 member; 

6 pressuriringa portion (rf^ 

7 and 

8 extruding the second tubudax member off of the 

9 with the first tubular member. 

1 6. A tubular liner , comprising: 

2 an annular member, the annular member fn^nHing. 

8 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the annular 

6 member. 

17. A weDbore casing; comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured ftuidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back 1 tear for lining an gristing wellbore casing, compri s in g- 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular Iim»r r*fr «f a Tnj*fi^T»>|; fiiyj 

4 an annular body of a cured fluidk sealing material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabty coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular member coupled to the mandrel; and 

9 a shoe coupled to the tabular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

12 wherein the interior portion of the shoe is drillable. 
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